Planting trials in southern New Mexico with fourwing saltbush seeds on mesquite dunes and on shaded and nonshaded interdune areas during 3 successive years revealed that seedling emergence was always greater on shaded areas. Planting depth (2 and 5 cm) did not appear to be a critical factor in seedling emergence. The shade provided by mesquite canopy explains, in part, why fourwing saltbush occurs with much higher frequency on dunes than on interdune areas.
Soils of the mesquite dunes, which are up to 1.5 m in height, are mixed Typic Torripsamments of the Pintura series. Long-term average annual rainfall for the area is 230 mm. The mean annual temperature is 1 So C. Average maximum temperatures are highest in June (36°C) and lowest in January (13.3'(Z) .
Within the exclosure, 10 dunes and 20 interdune sites were chosen. Five of the dunes had a slope length of about 2 m and the other 5 had a slope length of about I m. Using a wedge-shaped frame, with the apex of the wedge centrally located at the dune top, 2 random positions were marked with small stakes on each cardinal dune exposure. Two positions were marked in a IO-cm radius circle on the dune tops. On the flat interdune sites the frame was used to lay out crosses with the arms oriented in the cardinal directions. Half of the crosses had arms 2 m in length and half had arms 1 m in length. Random positions were marked within the arms and at the centers as on the dunes. Half of the interdune sites were shaded by a horizontal snowfence with evenly spaced wooden slats (approximately 50% coverage) supported 40 cm above the soil surface. Ocular estimates of mesquite canopy cover over the dune planting sites showed a range of 10 to 90% cover with an average cover of 47% for all dune sites.
The first planting was made with fourwing saltbush seed collected at Los Lunas, N. Mex., (F-8A Los Lunas Pure) in 1973. Germination tests were made in 1979 after washing the dewinged seeds in water for 2 hr to remove water-soluble inhibitors. The seeds were then placed on moist blotters at 15'C and the number germinating determined at weekly intervals for a total of 4 weeks (personal communication, Terry Turner, State Seed Analyst). On August 2, 1979, at one of each pair of marked positions on dunes and interdunes, 10 seeds were buried at a depth of 2 cm and at the other position 10 seeds were buried at a depth of 5 cm. After planting, the plots were checked daily and the numbers of emerged seedlings recorded until emergence ceased. The data were analysed using chi-square analyses for independence (Steel and Torrie 1960 ). The X0.05 level was accepted as significant.
In February, 1980, native fourwing saltbush seeds were gathered on the study site. The germination rate, determined as previously described, was 35%. On March 3,1980, all of the plots were seeded using the locally collected seed. Prior to seeding each marker stake was relocated 10 cm south of its original position. The native seed was used for another planting made on February 27, 198 1.
Some relevant soil temperatures were obtained with a data acquisition system maintained in the exclosure for another project. Copper-constantan thermocouples were buried at a depth of 5 cm on the cardinal exposures of a dune and at depths of 2 and 5 cm on an unshaded interdune site. All soil temperatures reported are the hourly averages of temperature sensings made at 5-min intervals.
Results and Discussion
Seedlings began to emerge on August 21 following the August 2, 1979, planting. This followed an unusual event of rainfall on 7 consecutive days which totaled 68 mm. No emergence occurred after September 6. The number of seedlings which emerged on dunes and shaded interdunes was twice the number emerging on nonshaded interdunes (Table I) . Initial analysis of the data shown in Table 1 indicated that not all of the variables in the experiment were independent (x*=33.6). A test for independence between planting site (dunes, nonshaded and shaded interdunes) and position (direction) showed that there was no dependence or an association (x2= 10.1). A test for independence between planting sites and planting depths showed that independence was not rejected (x2=17.1). Planting depths on dunes had no influence on emergence (2-cm depth 52 seedlings; 5-cm depth, 56 seedlings). When compared with dunes, independence of planting depth was not rejected for either shaded interdunes (x*=10.1) of non-shaded interdunes (x*=1 1.9). There were significantly more seedlings emerging from the 2-cm depth on interdunes (40 nonshaded, 82 shaded) than from the 5-cm depth (12 nonshaded, 37 shaded). Since independence was rejected when shaded and nonshaded interdunes and planting depths were compared (x2= 1. I), the two interdune sites did not differ significantly in numbers of seedlings emerging from the 2 depths.
Following the March 3, 1980, planting, no precipitation was received until May 3, when 43 mm fell. This single rainfall event caused some germination but the numbers of seedlings which emerged were too small for inferential analysis. Shaded interdunes did have more seedlings emerge (48) than nonshaded interdunes (3) or dunes (7). There was little difference in the number of seedlings which emerged from the 5-cm depth (31) and from the 2-cm depth (27).
Germination of the February 27,198 1, planting was triggered by 20 mm of precipitation received on March 2. As in 1980, few seedlings emerged. More seedlings emerged on dunes (22) than on shaded interdunes (1) or nonshaded interdunes (2). There was little difference in the numbers of seedlings which emerged from the 2-cm depth (14) and from the 5-cm depth (11). The greater number of seedlings emerging from the 2-cm depth on interdune areas in 1979 supports the findings of Springfield (1970) and Wilson (1928) that shallower planting depths promote the germination of fourwing saltbush. However, the lack of difference in emergence from 2-and 5-cm depths on dunes in 1979 and the nearly equal numbers of seedlings emerging from the 2 depths in 1980 and 198 1 indicate that planting depth may not be a critical factor for seedling emergence in the mesquite dune habitat.
At a depth of 0 to 15 cm the interdune soils are 79% sand, 6% silt, and 15% clay. At the same depth, the dune soils are 88% sand, 2% silt, and 10% clay. With more silt and clay, the interdune soils have a higher water retention capacity than the dune soils (Brady 1974) , and seed germination should be favored on interdune areas. However, the scarcity of fourwing saltbush on the interdune areas indicates that factors other than soil water retention are operative.
Soil temperatures were recorded on a few days during the period of seedling emergence in March, 198 I, and May, 1980 (Table 2) . The soil temperatures in early March, 198 1, appear to be favorable (<25"(I) for germination of fourwing saltbush on both dunes and interdunes. At this time mesquite leaves had not emerged and the only shade on the dunes was that provided by the bare stems. In early May, 1980, maximum soil temperatures at the 5-cm depth on the nonshaded interdune (33'C) and south (3O"C) and west (30°C) dune exposures were in the range where Springfield (1970) found reduced germination of fourwing saltbush. The full shading effect of the mesquite canopy had not been reached in early May because the mesquite leaves continued to grow until May 25 (unpublished phenology data).
Due to equipment failures, no soil temperatures were obtained in August, 1979 weather station (USDC 1979,198O) 1979 (33.2"C) and 1980 (32.9OC) . Thus the soil temperatures recorded for August 26 to 28, 1980 (Table 2) give some indication of what soil temperatures might have been in 1979. The high maximum temperatures reached on the nonshaded interdune at the 2-cm depth (SOOC) and 5-cm depth (42"C) is probably the reason that seedling emergence was lower on nonshaded than on shaded areas. The relatively small differences in maximum soil temperatures on the cardinal dune exposures in August (Table 2) may be the reason for lack of significant differences in seedling emergence on dune exposures. The soil temperature data indicate that dunes, with consistently lower maximum temperatures and a smaller spread between maximum and minimum temperatures, have a more favorable environment for germination of fourwing saltbush than nonshaded interdunes. There appears to be some relationship between the amount of rainfall which triggers germination of fourwing saltbush and the number of seedlings emerging. In 1979, 279 seedlings emerged following 68 mm of rainfall spread over 7 days. In 1980, 58 seedlings emerged following a 43-mm rainfall event. Only 25 seedlings emerged following a 20 mm rainfall event in 1981. Long-term rainfall records show that July, August, and September are the months of greatest rainfall. This period of maximum rainfall probability also coincides with maximal soil temperatures. Thus, it is highly probable that the shade provided by mesquite canopy increases the chances for the germination of fourwing saltbush on dunes. The relatively sparse stands of grasses and forbs on the interdune areas provide few shaded microsites where fourwing saltbush seeds would have a higher probability of germinating. In the spring months, soil temperatures are more favorable for germination on both dunes and interdunes but the probability of effective rainfall is low.
These planting trials indicate that mesquite canopy shade may be one factor contributing to greater saltbush density on dunes. However, other factors may also play a role. It is known that rodents found in the mesquite dune areas cache seeds in their burrows (Wood 1969), and it is quite possible that fourwing saltbush plants may originate from seeds concentrated by the rodents. Rodent burrows are common in the dunes but are rarely found in interdune areas.
Of all the seedlings which emerged during the 3 years, none lived for more than a few months. It is apparent that, in this arid climate, fourwing saltbush germination may be triggered by small rainfall events in either spring or summer. However, the seedlings will become established only in years with very favorable rainfall patterns.
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